Many acute stressors reduce pain, a phenomenon called stress-induced antinociception (SIA). Stress also is associated with increased scratching in chronic itch conditions. We investigated effects of acute stressors on facial itch and pain using a recently introduced rat model. Under baseline (no-swim) conditions, intradermal (id) cheek microinjection of the pruritogen serotonin (5-HT) selectively elicited hindlimb scratch bouts, whereas the algogen mustard oil (allyl isothiocyanate [AITC]) selectively elicited ipsilateral forepaw swipes, directed to the cheek injection site. To test effects of swim stress, rats received id cheek microinjection of 5-HT (1%), AITC (10%), or vehicle, and were then subjected to one of the following swim conditions: (1) weak SIA (W-SIA), (2) naltrexone-sensitive SIA (intermediate or I-SIA), or (3) naltrexoneinsensitive SIA (strong or S-SIA). After the swim, we recorded the number of hindlimb scratch bouts and forelimb swipes directed to the cheek injection site, as well as facial grooming by both forepaws. Under S-SIA, AITC-evoked swiping and 5-HT-evoked scratching were both reduced. I-SIA reduced AITC-evoked swiping with no effect on 5-HT-evoked scratching. Facial grooming immediately post-swim was suppressed by S-SIA, but not I-or W-SIA. W-SIA tended to equalize scratching and swiping elicited by 5-HT and AITC compared with no-swim controls, suggesting altered itch and pain processing. Exercise (wheel-running), novelty, cold exposure, and fear (shaker table), key components of swim stress, differentially affected tail-flick latencies and 5-HT-evoked swiping and scratching behavior. Thus, itch and pain can be simultaneously suppressed by a combination of acute stress-related factors via an opioidindependent mechanism. Ó
Introduction
Environmental stressors can reduce pain sensation and nocifensive responses in animals, a phenomenon called stress-induced antinociception (SIA) [5, 10, 23, 26] . Two mechanisms of SIA have been proposed: lower levels of acute stress (such as intermittent cold-water swim) activate an endogenous l-opioid-dependent analgesia system [7, 8, 13] , whereas more intense stressors (such as continuous cold water swim) activate a l-opioid-independent analgesia mechanism [6, 10, 16, 23, 34] . Swim stress is commonly used to investigate SIA, as the swim parameters can be easily manipulated to induce the 2 distinct forms of SIA [32, 33, 43] .
Cross-tolerance studies involving the l-opioid antagonist naloxone identified the opioid dependency of the 2 forms of swim stress [6, 13, 34] , but factors such as genotype and sex are also known to influence the quantity and quality of SIA [30, 31, 36] .
Although many previous studies have investigated SIA, the effect of stress on acute itch is poorly understood. Itch is defined as an unpleasant sensation that elicits the desire to scratch. Itch is associated with insect bites or exposure to certain plants, and frequently accompanies dermatitis, systemic diseases, and a variety of other conditions [45] . Stress has been correlated with an increase in scratching associated with atopic dermatitis and psoriasis, thus contributing to the belief that stress worsens chronic itch conditions [2, 3, 44, 46] . Despite this, there are few if any investigations of the effects of stress on itch. Although pain inhibits itch, mounting evidence suggests that itch and pain are conveyed by partially overlapping populations of dorsal horn neurons [19] . We reasoned that stress may either disinhibit itch, or suppress itch by inhibiting a common population of itch-and pain-signaling neurons.
We have presently investigated these possibilities using a recently developed rodent model that distinguishes between itchand pain-related behaviors. Intradermal (id) injection of pruritogens or algogens in the cheek of mice or rats selectively elicits hindlimb scratch bouts or ipsilateral forelimb swipes, respectively, that are directed to the injection site [1, 19, 39] . Pruritogen-evoked scratching was reduced by the l-opioid antagonist naltrexone but not by morphine, whereas algogen-evoked swiping was reduced by morphine but not by naltrexone [1, 40] 
